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Abstract
We present the full one-loop corrections to charged and CP-even neutral Higgs
boson decays into sfermions including also the crossed channels. The calculation
was carried out in the minimal supersymmetric extension of the Standard Model and
we use the on-shell renormalization scheme. For the down-type sfermions, we use
DR running fermion masses and the trilinear coupling Af as input. Furthermore,
we present the first numerical analysis for decays according to the Supersymmetric
Parameter Analysis project. This requires the renormalization of the whole MSSM.
The corrections are found to be numerically stable and not negligible.
1 Introduction
The Higgs boson is the last not discovered particle of the Standard Model (SM) and so the
search for the Higgs boson is the prime objective of the LHC and other future colliders.
Apart from the SM, the Higgs boson is also predicted by its minimal supersymmetric
extension - the Minimal Supersymmetric Standard Model (MSSM). As opposed to the
SM, the MSSM has not only one neutral Higgs boson but it predicts the existence of two
neutral CP-even Higgs bosons (h0, H0), one neutral CP-odd Higgs boson (A0) and two
charged Higgs bosons (H±). The existence of a charged Higgs boson or a CP-odd neutral
one would be clear evidence for physics beyond the SM.
A further difference in the MSSM is the possibility for the Higgs bosons to decay not only
into SM particles. In case the supersymmetric (SUSY) partners are not too heavy, the
Higgs bosons can decay into SUSY particles as well (neutralinos χ˜0i , charginos χ˜
+
k and
sfermions f˜m). The new decay channels might substantially influence the branching ratios
of the MSSM Higgs bosons.
At tree-level the decays into SUSY particles were studied in [1, 2] and one-loop effects of
the decays into charginos and neutralinos were analyzed in [3, 4] and were found not to
be negligible. For the case of the CP-odd Higgs boson also the full one-loop corrections
to the decay into sfermions were analyzed in [5, 6].
This paper is the continuation of the effort in [5, 6] and includes the decays of the remain-
ing Higgs bosons of the MSSM into sfermions (including crossed channels f˜2 → f˜1h0).
It also extends the SUSY-QCD one-loop analysis of [7] by including all SUSY-QCD and
electroweak effects. The emphasis is put on the decay into 3rd generation sfermions as
their masses can be light due to large mixings. Nevertheless, analytical and numerical
results are presented for all generations of sfermions (i.e. h0k → f˜i ¯˜fj and H± → f˜i ¯˜f ′j where
h0k = (h
0, H0) and f˜ = (u˜, d˜, s˜, c˜, b˜, t˜, e˜, µ˜, τ˜).
The full electroweak corrections are calculated in the on-shell scheme [8] in the MSSM
with real parameters. Due to the known problems of the on-shell scheme as demonstrated
in [6], the artificially large on-shell parameters are replaced by the corresponding DR
counterparts. The numerical analysis is made using the DR input defined by the Super-
symmetric Parameter Analysis Project (SPA) [9]. In contrast to [6], the actual calculation
uses an on-shell input set fully consistent with the SPA convention. In order to obtain
such a input set, the renormalization of the whole MSSM is required.
The paper is organized as follows. In section 2 the tree-level formulae are given for all de-
cays. Section 3 and 4 show the full electroweak corrections including the bremsstrahlung
using the analytic formulae from the appendices A and B. The numerical analysis is
presented in section 5 and section 6 summarizes our conclusions.
2
2 Tree-level result
The tree-level widths for a neutral Higgs h0{1,2} = {h0, H0} decaying into two scalar
fermions, h0k → f˜i ¯˜fj with i, j = (1, 2), are given by
Γtree(h0k → f˜i ¯˜fj) =
N
f
C κ(m
2
h0
k
, m2
f˜i
, m2
f˜j
)
16 pim3
h0
k
|Gf˜ijk|2 (1)
with κ(x, y, z) =
√
(x− y − z)2 − 4yz and the colour factor NfC = 3 for squarks and
N
f
C = 1 for sleptons, respectively.
Analogously, the decay width for the charged Higgs boson H+ is given by
Γtree(H+ → f˜ ↑i ¯˜f ↓j ) =
N
f
C κ(m
2
H+ , m
2
f˜↑
i
, m2
f˜↓
j
)
16pim3H+
|G↑↓ij1|2 , (2)
where f˜ ↑/↓ stand for the up-type or down-type sfermions. The sfermion-Higgs boson
couplings Gf˜ijk and G
↑↓
ij1, defined by the interaction lagrangian Lint = Gf˜ijk h0kf˜ ∗i f˜j +
G
↑↓
ij1H
+f˜
↑∗
i f˜
↓
j as well as all couplings needed in this paper, are given in [6].
The sfermion mass matrix is diagonalized by a real 2 x 2 rotation matrix Rf˜iα with
rotation angle θf˜ [10, 11],
M 2
f˜
=
 m 2LL m 2LR
m 2RL m
2
RR
 =
 m 2f˜L af mf
af mf m
2
f˜R
 = (Rf˜)†
 m 2f˜1 0
0 m 2
f˜2
Rf˜ , (3)
which relates the mass eigenstates f˜i, i = 1, 2, (mf˜1 < mf˜2) to the gauge eigenstates f˜α,
α = L,R, by f˜i = R
f˜
iαf˜α. The left- and right-handed and the left-right mixing entries in
the mass matrix are given by
m 2
f˜L
= M2{Q˜, L˜} + (I
3L
f −ef sin2θW ) cos 2β m 2Z +m2f , (4)
m 2
f˜R
= M2
{U˜, D˜, E˜}
+ ef sin
2θW cos 2β m
2
Z +m
2
f , (5)
af = Af − µ (tanβ)−2I3Lf . (6)
MQ˜, ML˜, MU˜ , MD˜ and ME˜ are soft SUSY breaking masses, Af is the trilinear scalar
coupling parameter, µ the higgsino mass parameter, tanβ = v2
v1
is the ratio of the vacuum
expectation values of the two neutral Higgs doublet states [10, 11], I3Lf denotes the third
component of the weak isospin of the left-handed fermion f , ef the electric charge in
terms of the elementary charge e0, and θW is the Weinberg angle.
The mass eigenvalues and the mixing angle in terms of primary parameters are
m2
f˜1,2
=
1
2
(
m2
f˜L
+m2
f˜R
∓
√
(m2
f˜L
−m2
f˜R
)2 + 4a2fm
2
f
)
, (7)
cos θf˜ =
−af mf√
(m2
f˜L
−m2
f˜1
)2 + a2fm
2
f
(0 ≤ θf˜ < pi) , (8)
3
and the trilinear soft breaking parameter Af can be written as
Af =
1
2mf
(
m2
f˜1
−m2
f˜2
)
sin 2θf˜ + µ (tanβ)
−2I3L
f . (9)
The mass of the sneutrino ν˜τ is given by m
2
ν˜τ =M
2
L˜
+ 1
2
m2Z cos 2β.
For the crossed channels, f˜2 → f˜1h0k and f˜ ↑2 → f˜ ↓1H+, the decay widths are
Γtree(f˜2 → f˜1h0k) =
κ(m2h0
k
, m2
f˜1
, m2
f˜2
)
16 pim3
f˜2
|Gf˜12k|2 , (10)
Γtree(f˜ ↑j → f˜ ↓i H+) =
κ(m2H+ , m
2
f˜↑
j
, m2
f˜↓
i
)
16 pim3
f˜↑
j
|G↑↓ij1|2 . (11)
3 One-loop Corrections
The one-loop corrected (renormalized) amplitudes Gf˜ renijk and G
↑↓,ren
ij1 can be expressed as
G
f˜ ,ren
ijk = G
f˜
ijk +∆G
f˜
ijk = G
f˜
ijk + δG
f˜(v)
ijk + δG
f˜(w)
ijk + δG
f˜(c)
ijk , (12)
G
↑↓,ren
ij1 = G
↑↓
ij1 +∆G
↑↓
ij1 = G
↑↓
ij1 + δG
↑↓(v)
ij1 + δG
↑↓(w)
ij1 + δG
↑↓(c)
ij1 , (13)
where δG
f˜(v)
ijk , δG
f˜(w)
ijk and δG
f˜(c)
ijk and the corresponding terms for the couplings to the
charged Higgs boson stand for the vertex corrections, the wave-function corrections and
the coupling counter-term corrections due to the shifts from the bare to the on-shell val-
ues, respectively.
Throughout the paper we use the SUSY invariant dimensional reduction (DR) as a reg-
ularization scheme. For convenience we perform the calculation in the ’t Hooft-Feynman
gauge, ξ = 1.
The vertex corrections δG
f˜(v)
ijk and δG
↑↓(v)
ij1 come from the diagrams listed in Figs. 15 and
16. The analytic formulae are given in Appendix B. The wave-function corrections δG
f˜(w)
ijk
can be written as
δG
f˜(w)
ijk =
1
2
[
δZ
f˜
i′iG
f˜
i′jk + δZ
f˜
j′j G
f˜
ij′k + δZ
H
lk G
f˜
ijl
]
, (14)
with the implicit summations over i′, j′, l = 1, 2. The wave-function renormalization
constants are determined by imposing the on-shell renormalization conditions [8]
δZ
f˜
ii = − Re Π˙f˜ii(m2f˜i) , i = 1, 2 ,
δZ
f˜
ij =
2
m2
f˜i
−m2
f˜j
ReΠf˜ij(m
2
f˜j
) , i, j = (1, 2), i 6= j, f˜ 6= ν˜e,µ,τ
(15)
δZHkk = − Re Π˙Hkk(m2h0
k
) , k = 1, 2 ,
δZHkl =
2
m2
h0
k
−m2
h0
l
ReΠHkl(m
2
h0
l
) , k, l = (1, 2), k 6= l . (16)
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The explicit forms of the off-diagonal Higgs boson and sfermion self-energies and their
derivatives, ΠHkl, Π˙
H
kk and Π
f˜
ij , Π˙
f˜
ii are given in Appendix A and in [6].
The coupling counter-term corrections which come from the shifting of the parameters in
the lagrangian can be expressed as
δG
f˜(c)
ijk =
[
δRf˜ ·Gf˜LR,k · (Rf˜ )T +Rf˜ · δGf˜LR,k · (Rf˜)T + Rf˜ ·Gf˜LR,k · (δRf˜)T
]
ij
. (17)
The counter term for the sfermion mixing angle, δθf˜ , is determined such as to cancel the
anti-hermitian part of the sfermion wave-function corrections [12, 13]. Analogously we fix
the Higgs boson mixing angle α by means of
δα =
1
4
(
δZH21 − δZH12
)
=
1
2(m2H0−m2h0)
Re
(
ΠH12(m
2
H0) + Π
H
21(m
2
h0)
)
. (18)
Using the relations
δG
f˜
ij1
δα
= −Gf˜ij2 ,
δG
f˜
ij2
δα
= Gf˜ij1 , (19)
and absorbing the counter terms for the mixing angles of the outer particles, δα and δθf˜ ,
into δG
f˜(w)
ijk yields the symmetric wave-function corrections
δG
f˜(w, symm.)
ijk =
1
4
(
δZ
f˜
ii′ + δZ
f˜
i′i
)
G
f˜
i′jk +
1
4
(
δZ
f˜
jj′ + δZ
f˜
j′j
)
G
f˜
ij′k +
1
4
(
δZHkl + δZ
H
lk
)
G
f˜
ijl .
(20)
Note that in this symmetrized form momentum-independent contributions from four-
scalar couplings and tadpole shifts cancel out.
The sum of wave-function and counter-term corrections then reads
δG
f˜(w+c)
ijk = δG
f˜(w, symm.)
ijk +
[
Rf˜ · δˆGf˜LR,k · (Rf˜ )T
]
ij
, (21)
The explicit forms of the counter terms δˆGf˜LR,k for k = 1, 2 are given by
(δˆGf˜LR,1)11 = −
√
2hf mf cα
(
δhf
hf
+
δmf
mf
)
− gZ mZ ef δs2W sα+β
+gZ mZ(I
3L
f −efs2W )sα+β
(
δgZ
gZ
+
δmZ
mZ
+
δβ
tα+β
)
, (22)
(δˆGf˜LR,1)12 =
δhf
hf
(Gf˜LR,1)12 −
hf√
2
(δAf cα + δµ sα) , (23)
(δˆGf˜LR,1)22 = −
√
2hf mf cα
(
δhf
hf
+
δmf
mf
)
+gZ mZ ef s
2
W sα+β
(
δgZ
gZ
+
δmZ
mZ
+
δs2W
s2W
+
δβ
tα+β
)
(24)
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for the sfermion couplings to the Higgs boson h0 and
(δˆGf˜LR,2)11 = −
√
2 hf mf sα
(
δhf
hf
+
δmf
mf
)
+ gZ mZ ef δs
2
W cα+β
−gZ mZ(I3Lf −efs2W )cα+β
(
δgZ
gZ
+
δmZ
mZ
− tα+β δβ
)
, (25)
(δˆGf˜LR,2)12 =
δhf
hf
(Gf˜LR,2)12 −
hf√
2
(δAf sα − δµ cα) , (26)
(δˆGf˜LR,2)22 = −
√
2 hf mf sα
(
δhf
hf
+
δmf
mf
)
−gZ mZ ef s2W cα+β
(
δgZ
gZ
+
δmZ
mZ
+
δs2W
s2W
− tα+β δβ
)
(27)
for the couplings to H0.
Analogously to the decays of the CP-even Higgs bosons, the sum of the wave-function
and counter-term corrections of the charged Higgs boson can be expressed as
δG
↑↓(w+c)
ij1 = δG
↑↓(w, symm.)
ij1 +
[
Rf˜
↑ · δG↑↓LR,1 · (Rf˜
↓
)T
]
ij
+ δG
↑↓(w,HW+HG)
ij1 (28)
with the symmetrized wave-function corrections
δG
↑↓(w, symm.)
ij1 =
1
4
(δZ f˜
↑
ii′ + δZ
f˜↑
i′i )G
↑↓
i′j1 +
1
4
(δZ f˜
↓
jj′ + δZ
f˜↓
j′j)G
↑↓
ij′1 +
1
2
δZH
+
11 G
↑↓
ij1 . (29)
The single elements of the matrix corresponding to the variation with respect to the
couplings, δG↑↓LR,1, are given explicitly as follows:
(δG↑↓LR,1)11 = hf↓mf↓sβ
(
δhf↓
hf↓
+
δmf↓
mf↓
+
δsβ
sβ
)
+ hf↑mf↑cβ
(
δhf↑
hf↑
+
δmf↑
mf↑
+
δcβ
cβ
)
−gmW√
2
sin 2β
(
δg
g
+
δmW
mW
+ cos 2β
δ tanβ
tanβ
)
(30)
(δG↑↓LR,1)12 =
δhf↓
hf↓
(G↑↓LR,1)12 + hf↓(δAf↓sβ + Af↓δsβ + δµ cβ + µ δcβ) (31)
(δG↑↓LR,1)21 =
δhf↑
hf↑
(G↑↓LR,1)21 + hf↑(δAf↑cβ + Af↑δcβ + δµ sβ + µ δsβ) (32)
(δG↑↓LR,1)22 = hf↑mf↓cβ
(
δhf↑
hf↑
+
δmf↓
mf↓
+
δcβ
cβ
)
+ hf↓mf↑sβ
(
δhf↓
hf↓
+
δmf↑
mf↑
+
δsβ
sβ
)
(33)
The counter terms appearing in eqs. (22-33) can be fixed in the following manner. Some
of them can be decomposed further as is the case for δhf and δg
δhf
hf
=
δg
g
+
δmf
mf
− δmW
mW
+
{− cos2 β
sin2 β
}
δ tanβ
tan β
,
δg
g
=
δe
e
− δ sin θW
sin θW
, (34)
6
for
{
up
down
}
-type sfermions.
For the remaining counter terms we use the standard renormalization conditions. The fix-
ing of the angle β is performed using the condition that the renormalized A0-Z0 transition
vanishes at p2 = m2A0 as in [14], which gives the counter term
δ tanβ
tan β
=
1
mZ sin 2β
ImΠA0Z0(m
2
A0). (35)
The higgsino mass parameter µ is fixed in the chargino sector by the chargino mass matrix,
δµ ≡ δX22, as explained in detail in [15, 16].
The counter term to the Standard Model parameter sin θW is determined using the on-
shell masses of the gauge bosons as in [17]. To avoid the problems with light quarks in
the fine structure constant α, we use the MS value at the Z-pole with the counter term
given in [5, 21].
The on-shell counter term that has the biggest influence and also poses a serious problem
is the counter term to the trilinear scalar coupling parameter Af . The explicit form of
the counter term was already given in [5] and it was shown in [5, 6] that this counter term
becomes very large for large values of tan β. One of the aims of this paper is to show that
this problem is present in all Higgs decays into sfermions. The solution takes advantage of
the fact that the SPA convention which we use here, defines the SUSY parameters in the
DR scheme. Therefore, the trilinear scalar coupling parameters Af are taken DR without
the use of the large on-shell counter term.
4 Infrared divergences
To cancel infrared divergences we introduce a small photon mass λ and include the real
photon emission processes h0k → f˜i ¯˜fjγ (h0k = {h0, H0}) and H+ → f˜ ↑i ¯˜f ↓j γ. The decay
width of H+(p)→ f˜ ↑i (k1) + ¯˜f ↓j (−k2) + γ(k3) (Fig. 1) is given by
(a)
H
+
~
f
"
i
~
f
#
j

p
k
1
k
2
k
3
(b)
H
+
~
f
"
i

~
f
#
j
(c)
H
+
~
f
"
i

~
f
#
j
Figure 1: Real Bremsstrahlung diagrams relevant to cancel the IR-divergences inH+(p)→
f˜
↑
i (k1) +
¯˜
f
↓
j (−k2) + γ(k3). The diagrams for the neutral Higgs decays are analogous.
Γ(H+ → f˜ ↑i ¯˜f ↓j γ) =
NC
16pi3mH+
|G↑↓ij1|2(−e0)2
[
m2H+I00 + e
2
tm
2
i I11 + e
2
bm
2
jI22
7
−eteb
(
(m2H+ −m2i −m2j)I12 − I2 − I1
)
− et
(
(m2j −m2H+ −m2i )I01 − I1 − I0
)
+ eb
(
(m2i −m2H+ −m2j )I02 − I2 − I0
)]
,
with the phase-space integrals In and Imn defined as [18]
Ii1...in =
1
pi2
∫
d3k1
2E1
d3k2
2E2
d3k3
2E3
δ4(p− k1 − k2 − k3) 1
(2k3ki1 + λ
2) . . . (2k3kin + λ
2)
. (36)
The full IR-finite one-loop corrected decay width for the physical value λ = 0 is then
given by
Γcorr(H+ → f˜ ↑i ¯˜f ↓j ) ≡ Γ(H+ → f˜ ↑i ¯˜f ↓j ) + Γ(H+ → f˜ ↑i ¯˜f ↓j γ) (37)
Analogously, for the neutral Higgs boson decays and the crossed channels the photon
emission processes yield
Γ(h0k → f˜i ¯˜fj γ) = NC
(e0 ef )
2 |Gf˜ijk|2
16pi3mh0
k
[(
m2h0
k
−m2
f˜i
−m2
f˜j
)
I12 +m
2
f˜i
I11 +m
2
f˜j
I22−I1−I2
]
,
Γ(f˜2 → f˜1h0k γ) =
(e0 ef)
2 |Gf˜ijk|2
16 pi3mf˜2
[(
m2h0
k
−m2
f˜1
−m2
f˜2
)
I01 −m2f˜1I11 −m2f˜2I00 − I0 − I1
]
,
(38)
where the IR-finite decay widths are
Γcorr(h0k → f˜i ¯˜fj) ≡ Γ(h0k → f˜i ¯˜fj) + Γ(h0k → f˜i ¯˜fj γ) , (39)
Γcorr(f˜2 → f˜1h0k) ≡ Γ(f˜2 → f˜1h0k) + Γ(f˜2 → f˜1h0k γ) . (40)
5 Numerical analysis
The numerical results presented in this section are based on the SPS1a’ benchmark point
as proposed by the Supersymmetric Parameter Analysis Project (SPA) [9]. A consistent
implementation of the SPA convention into the calculation of a decay width and the nu-
merical analysis is a non-trivial endeavor. As the electroweak one-loop calculations are
carried out in the on-shell scheme and the SPA project proposes the SUSY input set in
the DR scheme at the scale of 1 TeV, a conversion of the input values is necessary. This
conversion requires the renormalization of the whole MSSM in order to transform the
input parameters correctly. Moreover, the numerical analysis of a decay makes varying
fundamental SUSY parameters necessary. That is why the above mentioned transforma-
tion of parameters has to be carried out for every single parameter point. In our case
this is provided by the not-yet-public routine DRbar2OS which couples to the spectrum
calculator SPheno [19]. The transformation is performed in the following two steps:
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1. The SPA input, i.e. the on-shell electroweak SM parameters, the strong coupling
constant and the masses of the light quarks defined in the MS scheme and the masses
of the leptons and the top quark defined as pole masses and the SUSY parameters
defined in the DR scheme at 1 TeV, is given to SPheno which transforms it to a
pure DR input set including also higher loop corrections.
2. The pure DR set is taken as input for the DRbar2OS routine which yields as output
the complete set in the on-shell scheme. An example of different sets of parameters
for the SPS1a’ benchmark point can be seen in Table 1.
All plots below show the dependence of the decay width on a DR parameter. By varying
a single DR parameter and transforming subsequently to the on-shell scheme, almost all
parameters are influenced. That means, not only the corresponding on-shell parameter
changes, but also the other parameters through loop effects.
DR SUSY Parameters
g′ 0.36354 M1 103.21
g 0.64804 M2 193.29
gs 1.08412 M3 572.33
Yτ 0.10349 Aτ −445.4
Yt 0.89840 At −532.3
Yb 0.13548 Ab −938.9
µ 401.63 tan β 10.0
ML1 1.8121 · 102 ML3 1.7945 · 102
ME1 1.1572 · 102 ME3 1.1002 · 102
MQ1 5.2628 · 102 MQ3 4.7091 · 102
MU1 5.0767 · 102 MU3 3.8532 · 102
MD1 5.0549 · 102 MD3 5.0137 · 102
M2H1 2.5605 · 104 M2H2 −14.725 · 104
On-shell SUSY Parameters
g′ 0.35565 M1 100.31
g 0.66547 M2 197.01
gs 1.08419 M3 612.81
Yτ 0.10771 Aτ −394.2
Yt 1.04638 At −495.0
Yb 0.20481 Ab 1197.8
µ 398.71 tan β 10.31
ML1 1.8394 · 102 ML3 1.8199 · 102
ME1 1.1784 · 102 ME3 1.1172 · 102
MQ1 5.6390 · 102 MQ3 5.0369 · 102
MU1 5.4540 · 102 MU3 4.1021 · 102
MD1 5.4352 · 102 MD3 5.3894 · 102
M2H1 2.7220 · 104 M2H2 −15.726 · 104
Table 1: The input parameters for the SPS1a’ point according to the SPA project.
Left: DR input values at Q = 1 TeV, Right: on-shell values used in the calculation.
Comparing the parameter sets in Table 1 one can easily see that the on-shell counter
term for Ab is large as there is a huge difference between the DR and the on-shell value
of the trilinear scalar coupling parameter. This is caused by fixing the of Ab parameter
in the sfermion sector [5]. This fixing was shown to lead to a numerically large counter
term which should be avoided. The decays of Higgs bosons into sfermions (and the cor-
responding crossed channels) are the only 2-body decays that are affected directly as the
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trilinear coupling parameter appears at tree-level. In this case, a very large counter term
makes the perturbative expansion unreliable. Here we make use of the fact that the in-
put parameters are given in the DR scheme. That means our calculation uses on-shell
parameters except for the Ab and mb which take the original DR values. Although not
shown in the Table 1, this behaviour is common to all down-type trilinear scalar coupling
parameters, and the same strategy as described for the Ab is applied for them as well.
A distinct feature of all decay modes involving down-type sfermions is a large difference
between the on-shell and the SPA tree-level. The origin of this difference is again the
large counter term for the trilinear scalar couplings.
Keeping the numerical analysis strictly confined to the SPS1a’ benchmark scenario would
mean that most of the possible decays are kinematically not allowed. The vertical red line
denotes the position of the SPS1a’ parameter point for the kinematically allowed decay
modes. For the other decays we slightly deviate from the SPS1a’ point adjusting mainly
mA0 and the relevant soft supersymmetry breaking termsM{Q˜,U˜ ,D˜,L˜,E˜}. These parameters
only influence the kinematics and have usually no effect on the couplings.
In general, we always show the results using the on-shell parameters (dotted curve for on-
shell tree-level and red dashed curve for on-shell full one loop decay width) as well as the
improved decay widths where the parameters Af andmf are taken DR (dash-dotted curve
denotes SPA tree-level and blue solid curve stands for the full one loop decay width). This
convention does not apply in cases where there is no down-type trilinear scalar coupling
entering the tree-level. There we show only the on-shell and SPA tree-level together with
the final one-loop decay width. For comparison with other calculations, the SPA tree-level
is shown as defined in [9] taking all parameters in the couplings in the DR scheme and
using the proper masses for the kinematics.
{MD˜3 = 150 GeV, m2A0 = 106 GeV}
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Figure 2: On-shell tree-level (dotted line), full on-shell one-loop decay width (dashed line),
tree-level (dash-dotted line) and full one-loop corrected width (solid line) of H0 → b˜1 ¯˜b1
as a function of tan β according to the SPA convention.
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Figs. 2, 3 and 4 show the dependence of the decay width on tanβ and clearly demonstrate
the known fact [7, 5] that the counter term for Ab grows with tanβ. As mentioned above
such a large counter term causes the perturbation series to break down. The full one-loop
results in the on-shell scheme (red dashed curve) differ from those where DR parameters
are used (blue solid) only by higher orders. Nevertheless, due to the perturbation series
breakdown, the higher order corrections are no longer suppressed by the coupling con-
stant. This is the reason why the results using the DR parameters should be viewed as
the final one-loop corrected decay widths for the processes calculated in this paper.
{MD˜1 = 150 GeV, m2A0 = 106 GeV}
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]
Figure 3: On-shell tree-level (dotted line), full on-shell one-loop decay width (dashed line),
tree-level (dash-dotted line) and full one-loop corrected width (solid line) of H0 → d˜1 ¯˜d2
as a function of tan β according to the SPA convention.
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]
Figure 4: On-shell tree-level (dotted line), full on-shell one-loop decay width (dashed line),
tree-level (dash-dotted line) and full one-loop corrected width (solid line) of H0 → τ˜1τ˜1
as a function of tan β according to the SPA convention.
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The next class of plots shows the dependence on the superpotential parameter µ (see
Figs. 6, 7, 8 and 5). The typical behaviour of the tree-level is governed by the square
of the coupling Gf˜ijk. It implies that the tree-level is a quadratic function of µ and as
all one-loop corrections in this case are factorizable this dependence is preserved in the
full one-loop result. In case down-type sfermions are involved, the on-shell curves are
deformed by the large difference in the Af parameter. The corrections can reach up to
40% for some areas of parameter space and are therefore not negligible.
{MD˜3 = 150 GeV, m2A0 = 106 GeV}
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]
Figure 5: On-shell tree-level (dotted line), full on-shell one-loop decay width (dashed line),
tree-level (dash-dotted line) and full one-loop corrected width (solid line) of H+ → t˜1 ¯˜b2
as a function of tan β according to the SPA convention.
{MD˜2 = 150 GeV, m2A0 = 106 GeV}
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]
Figure 6: On-shell tree-level (dotted line), full on-shell one-loop decay width (dashed line),
tree-level (dash-dotted line) and full one-loop corrected width (solid line) of H0 → s˜1 ¯˜s2
as a function of µ according to the SPA convention.
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Furthermore, the pseudothreshold in Fig. 7 comes from the sbottom contribution to the
Higgs wave-function correction.
The one-loop width of H+ → ν˜τ ¯˜τ2 (see Fig. 8) is unexpectedly sensitive to the large
difference of the on-shell and DR Ab parameters above µ = 600 GeV although there is
no such parameter at tree-level. It is caused by the enhanced contribution of the vertex
diagram with a 4-sfermion coupling. This diagram contains the coupling of the charged
Higgs boson and a stop-sbottom pair where the Ab parameter appears.
{MU˜3 = 150 GeV, m2A0 = 106 GeV}
-1000 -500 0 500 1000
0
2.5
5
7.5
10
12.5
µ [GeV]
Γ
(H
0
→
t˜ 1
¯˜ t 1
)
[G
eV
]
Figure 7: On-shell tree-level (dotted line), full on-shell one-loop decay width (dashed line),
tree-level (dash-dotted line) and full one-loop corrected width (solid line) of H0 → t˜1 ¯˜t2 as
a function of µ according to the SPA convention.
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]
Figure 8: On-shell tree-level (dotted line), full on-shell one-loop decay width (dashed line),
tree-level (dash-dotted line) and full one-loop corrected width (solid line) of H+ → ν˜τ ¯˜τ2
as a function of µ according to the SPA convention.
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Fig. 9 illustrates the aforementioned problems of the perturbation series in case of using
the on-shell Ab parameter. As one can see there is no obvious divergence of the decay
width in the on-shell scheme. Nevertheless, the full one-loop widths in the on-shell scheme
and the one with Ab taken DR are far apart. This separation is a pure two loop effect
coming from using different Ab values when calculating the δAb counter term.
In this particular case the electroweak corrections interfere destructively with the QCD
corrections reducing them by half.
{MD˜3 = 150 GeV}
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]
Figure 9: On-shell tree-level (dotted line), full on-shell one-loop decay width (dashed line),
tree-level (dash-dotted line) and full one-loop corrected width (solid line) of b˜2 → b˜1h0 as
a function of µ according to the SPA convention.
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]
Figure 10: On-shell tree-level (dotted line), tree-level (dash-dotted line) and full one-
loop corrected width (solid line) of t˜2 → t˜1h0 as a function of At according to the SPA
convention.
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The only plot over the trilinear coupling Af is shown in Fig. 10 which is for the decay
t˜2 → t˜1h0. The region At = (−120 GeV, 320 GeV) is kinematically forbidden. Although
at some regions of parameter space (e.g. At = (700 GeV, 900 GeV)) the correction to the
SPA tree-level is large, one can see there is also a large difference between SPA tree-level
and the tree-level used in the perturbation expansion denoted by the dotted line.
6 Conclusions
We have calculated the full electroweak one-loop corrections to the charged and CP-even
neutral Higgs boson decays to sfermions including the crossed channels. We have also
included the SUSY-QCD corrections which were calculated in [7]. Similar to [5] and [6],
the on-shell parameters Ab and mb (and the corresponding down-type parameters for the
first two generations) were replaced by their DR values to avoid the numerically large
counter term. Furthermore, we have presented the first consistent numerical analysis for
a one-loop decay width based on the Supersymmetric Parameter Analysis project [9].
This required the renormalization of the whole MSSM in a way that allows to carry out a
transformation between the on-shell and the DR scheme for every single parameter point.
The corrections were shown not to be negligible and were comparable in the magnitude
to the QCD in some regions of parameter space.
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A Self-energies and counter terms
Here we give the explicit form of the self-energies needed for the computation of the one-
loop decay widths {h0, H0} → f˜i ¯˜fj and H+ → f˜ ↑i ¯˜f ↓j .
For the neutral and charged Higgs fields we use the notation h0k = {h0, H0}, H0k =
{h0, H0, A0, G0}, H+k = {H+, G+, H−, G−} and H−k ≡ (H+k )∗ = {H−, G−, H+, G+}.
The sfermion self-energies and their derivatives as well as the vector boson self-energies
and the scalar-vector mixing of A0Z0 have already been published and can be found in
[6]. Also most of the couplings used in this paper are given therein.
In the following we use the standard two- and three-point functions Bi and Ci from [20]
in the conventions of [18].
A.1 Diagonal Wave-function corrections — derivatives of Higgs
boson self-energies
The conventional on-shell renormalization conditions for the diagonal wave-function renor-
malization constants are given in terms of the derivatives of the corresponding self-
energies,
δZH
0
kk = − Re Π˙H
0
kk (m
2
H0
k
) , (41)
where the dot in Π˙...(k
2) denotes the derivative with respect to k2. In the following we
list the single contributions of the Higgs wave-function corrections. The derivatives of the
CP-even Higgs bosons h0 and H0 depicted in Fig. 11 are given as follows:
Π˙H
0,f
kk = −
2
(4pi)2
∑
f
N
f
C(s
f
k)
2
[
(4m2f −m2h0
k
)B˙0(m
2
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k
, m2f , m
2
f )−B0(m2h0
k
, m2f , m
2
f)
]
(42)
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1
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∑
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N
f
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mnk)
2
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2
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k
, m2
f˜m
, m2
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) (43)
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(mχ˜0m +mχ˜0n)
2 −m2h0
k
)
B˙0 − B0
]
(m2h0
k
, m2χ˜0m , m
2
χ˜0n
)
(44)
Π˙H
0,χ˜+
kk = −
1
(4pi)2
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Figure 11: Diagonal self-energies of CP-even Higgs bosons h0 and H0
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) (46)
Π˙H
0,V
kk = −
1
(4pi)2
g2
2
2∑
l=1
(Rlk(α−β))2
×
[
(2m2h0
k
+2m2
H+
l
−m2W )B˙0 + 2B0
]
(m2h0
k
, m2
H+
l
, m2W )
− 1
(4pi)2
g2Z
4
2∑
l=1
(Rlk(α−β))2
×
[
(2m2h0
k
+2m2H0
l+2
−m2Z)B˙0+2B0
]
(m2h0
k
, m2H0
l+2
, m2Z)
(47)
Π˙H
0,V V
kk =
1
(4pi)2
(R2k(α−β))2
[
4g2m2W B˙0(m
2
h0
k
, m2W , m
2
W ) + 2g
2
Zm
2
ZB˙0(m
2
h0
k
, m2Z , m
2
Z)
]
(48)
Π˙H
0,ghost
kk = −
1
(4pi)2
(R2k(α−β))2
[g2
2
m2W B˙0(m
2
h0
k
, m2W , m
2
W ) +
g2Z
4
m2ZB˙0(m
2
h0
k
, m2Z , m
2
Z)
]
,
(49)
where we have used
A˜(k)mn =
( − sin[α + β − pi
2
(k − 1)] cos[α + β − pi
2
(k − 1)]
cos[α + β − pi
2
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A˜′(k)mn = A˜
(k)
mn(β → −β) ,
B˜(k)mn =
(
(k − 1) sin(α + β) sin[α + β − pi
2
(k − 1)]
sin[α+ β − pi
2
(k − 1)] (k − 2) cos(α+ β)
)
,
C˜mn =
(
cos 2β sin 2β
sin 2β − cos 2β
)
. (50)
The diagrams in Fig. 12 show the diagonal charged Higgs boson self-energies entering in
the wave-function corrections.
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Figure 12: Self-energy diagrams of the charged Higgs bosonH+ relevant for the calculation
of diagonal wave-function corrections.
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A.2 Off-diagonal Wave-function corrections — Mixing of CP-
even Higgs bosons
According to Section 3, the off-diagonal wave-function renormalization constants of the
external Higgs bosons h0k = {h0, H0} are given by
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The single contributions are as follows:
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Figure 13: Diagrams for off-diagonal mixing of the CP-even Higgs bosons h0 and H0
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A.3 H+W+-mixing
The scalar-vector mixing self-energy, ΠHW (k
2) (see Fig. 14), is defined by the two-point
function
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B Vertex corrections
B.1 h0kf˜i
¯˜
fj vertex
Here we give the explicit form of the electroweak contributions to the vertex corrections
which are depicted in Fig. 15. For SUSY-QCD contributions we refer to [7].
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ijk + δG
f˜(v,f˜HH)
ijk + δG
f˜(v,χ˜ff)
ijk + δG
f˜(v,fχ˜χ˜)
ijk + δG
f˜(v,V SS)
ijk
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Figure 14: H+W+-mixing self-energies
+ δG
f˜(v,V V S)
ijk + δG
f˜(v,SS)
ijk + δG
f˜(v,V V )
ijk + δG
f˜(v,hHmix)
ijk + δG
f˜(v,f˜mix)
ijk (70)
The single contributions correspond to the diagrams with three scalar particles (δG
f˜(v,Hf˜ f˜)
ijk
and δG
f˜(v,HHf˜)
ijk ), three fermions (δG
f˜(v,χ˜ff)
ijk and δG
f˜(v,fχ˜χ˜)
ijk ), three particles with one or two
vector bosons (δG
f˜(v,V SS)
ijk and δG
f˜(v,V V S)
ijk ) and two scalar or two vector particles (δG
f˜(v,SS)
ijk
and δG
f˜(v,V V )
ijk ) in the loop. The vertex corrections due to the mixing of the outer particles,
i. e. Higgs and sfermion mixing terms δG
f˜(v,hHmix)
ijk and δG
f˜(v,f˜mix)
ijk will be combined with
the counter terms of the Higgs and sfermion mixing angles, δα and δθf˜ , see eq. (20). The
vertex corrections from the exchange of one Higgs boson and two sfermions are
δG
f˜(v,Hf˜ f˜)
ijk = −
1
(4pi)2
2∑
m,n=1
4∑
l=1
G
f˜
mnkG
f˜
imlG
f˜
njl C0
(
m2
f˜i
, m2h0
k
, m2
f˜j
, m2H0
l
, m2
f˜m
, m2
f˜n
)
− 1
(4pi)2
2∑
m,n=1
2∑
l=1
G
f˜ ′
mnkG
f˜ f˜ ′
imlG
f˜ f˜ ′
jnl C0
(
m2
f˜i
, m2h0
k
, m2
f˜j
, m2
H+
l
, m2
f˜ ′m
, m2
f˜ ′n
)
(71)
with the standard two-point function C0 [20] for which we follow the conventions of [18].
The graph with 2 Higgs particles and one sfermion in the loop leads to
δG
f˜(v,f˜HH)
ijk = −
1
(4pi)2
gZ mZ
4
2∑
m,n=1
2∑
l=1
(2+δkmδmn)!
(
cos 2α A˜(k)mn − 2 sin 2α B˜(k)mn
)
×
22
G
f˜
ilmG
f˜
ljnC0
(
m2
f˜i
, m2h0
k
, m2
f˜j
, m2
f˜l
, m2h0m, m
2
h0n
)
+
1
(4pi)2
gZ mZ
2
4∑
m,n=3
2∑
l=1
sin[α + β − pi
2
(k − 1)] C˜m−2,n−2 ×
G
f˜
ilmG
f˜
ljnC0
(
m2
f˜i
, m2h0
k
, m2
f˜j
, m2
f˜l
, m2H0m , m
2
H0n
)
− 1
(4pi)2
2∑
m,n=1
2∑
l=1
[
(−1)mn gmW
2
(1−δm2δn2)(1+δmn)A˜′(k)mn
− gZ mZ
2
sin[α + β − pi
2
(k − 1)] C˜mn
]
×
G
f˜ f˜ ′
ilmG
f˜ f˜ ′
jln C0
(
m2
f˜i
, m2h0
k
, m2
f˜j
, m2
f˜ ′
l
, m2
H+m
, m2
H+n
)
. (72)
For the gaugino exchange contributions we get
δG
f˜(v,χ˜ff)
ijk =
1
(4pi)2
4∑
l=1
F
(
m2
f˜i
, m2h0
k
, m2
f˜j
, mχ˜0
l
, mf , mf ; s
f
k , s
f
k , b
f˜
il, a
f˜
il, a
f˜
jl, b
f˜
jl
)
+
1
(4pi)2
2∑
l=1
F
(
m2
f˜i
, m2h0
k
, m2
f˜j
, mχ˜+
l
, mf ′, mf ′ ; s
f ′
k ,−sf
′
k , k
f˜
il, l
f˜
il, l
f˜
jl, k
f˜
jl
)
,
δG
f˜(v,fχ˜χ˜)
ijk =
1
(4pi)2
4∑
l,m=1
F
(
m2
f˜i
, m2h0
k
, m2
f˜j
, mf , mχ˜0m , mχ˜0l ;−gF
0
lmk,−gF 0lmk, bf˜im, af˜im,
a
f˜
jl, b
f˜
jl
)
+
1
(4pi)2
2∑
l,m=1
F
(
m2
f˜i
, m2h0
k
, m2
f˜j
, mf ′, mχ˜+m , mχ˜+l
;−gF˜+mlk,−gF˜+lmk,
k
f˜
im, l
f˜
im, l
f˜
jl, k
f˜
jl
)
, (73)
where F (. . .) shortly stands for
F
(
m21, m
2
0, m
2
2,M0,M1,M2; g
R
0 , g
L
0 , g
R
1 , g
L
1 , g
R
2 , g
L
2
)
= (h1M1+h2M2)B0(m
2
0,M
2
1 ,M
2
2 )
+ (h0M0+h1M1)B0(m
2
1,M
2
0 ,M
2
1 ) + (h0M0+h2M2)B0(m
2
2,M
2
0 ,M
2
2 )
+
[
2
(
gR0 g
R
1 g
R
2 +g
L
0 g
L
1 g
L
2
)
M0M1M2 + h0M0
(
M21+M
2
2−m20
)
+ h1M1
(
M20+M
2
2−m22
)
+ h2M2
(
M20+M
2
1−m21
) ]
C0(m
2
1, m
2
0, m
2
2,M
2
0 ,M
2
1 ,M
2
2 ) (74)
with the abbreviations h0 = (g
L
0 g
R
1 g
R
2 + g
R
0 g
L
1 g
L
2 ), h1 = (g
L
0 g
L
1 g
R
2 + g
R
0 g
R
1 g
L
2 ) and h2 =
(gR0 g
L
1 g
R
2 + g
L
0 g
R
1 g
L
2 ). For up-type sfermions F˜
+
lmk = F
+
lmk and for down-type sfermions
chargino indices are interchanged, F˜+lmk = F
+
mlk .
We split the irreducible vertex graphs with one vector particle in the loop into the single
contributions of the photon, the Z-boson and the W -boson,
δG
f˜(v,V SS)
ijk = δG
f˜(v,γSS)
ijk + δG
f˜(v,ZSS)
ijk + δG
f˜(v,WSS)
ijk . (75)
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In order to regularize the infrared divergences we introduce a photon mass λ. Thus we
have
δG
f˜(v,γSS)
ijk =
1
(4pi)2
(e0ef )
2G
f˜
ijk V
(
m2
f˜i
, m2h0
k
, m2
f˜j
, λ2, m2
f˜i
, m2
f˜j
)
, (76)
δG
f˜(v,ZSS)
ijk =
1
(4pi)2
g2Z
2∑
m,n=1
G
f˜
mnk z
f˜
im z
f˜
nj V
(
m2
f˜i
, m2h0
k
, m2
f˜j
, m2Z , m
2
f˜m
, m2
f˜n
)
+
i
(4pi)2
g2Z
2
4∑
l=3
2∑
m=1
G
f˜
mjl z
f˜
imRl−2,k(α−β) V
(
m2h0
k
, m2
f˜j
, m2
f˜i
, m2Z , m
2
H0
l
, m2
f˜m
)
− i
(4pi)2
g2Z
2
4∑
l=3
2∑
m=1
G
f˜
iml z
f˜
mj Rl−2,k(α−β) V
(
m2
f˜j
, m2
f˜i
, m2h0
k
, m2Z , m
2
f˜m
, m2H0
l
)
,
(77)
δG
f˜(v,WSS)
ijk =
1
(4pi)2
g2
2
2∑
m,n=1
G
f˜ ′
mnk R
f˜
i1R
f˜
j1R
f˜ ′
m1R
f˜ ′
n1 V
(
m2
f˜i
, m2h0
k
, m2
f˜j
, m2W , m
2
f˜ ′m
, m2
f˜ ′n
)
− I
3L
f
(4pi)2
g2√
2
2∑
m,l=1
G
f˜ f˜ ′
jmlR
f˜
i1R
f˜ ′
m1Rl,k(α−β) V
(
m2h0
k
, m2
f˜j
, m2
f˜i
, m2W , m
2
H+
l
, m2
f˜ ′m
)
− I
3L
f
(4pi)2
g2√
2
2∑
m,l=1
G
f˜ f˜ ′
imlR
f˜ ′
m1R
f˜
j1Rl,k(α−β) V
(
m2
f˜j
, m2
f˜i
, m2h0
k
, m2W , m
2
f˜ ′m
, m2
H+
l
)
,
(78)
where we have used the vector vertex function
V
(
m21, m
2
0, m
2
2,M
2
0 ,M
2
1 ,M
2
2
)
= −B0
(
m20,M
2
1 ,M
2
2
)
+B0
(
m21,M
2
0 ,M
2
1
)
+B0
(
m22,M
2
0 ,M
2
2
)
+
(
−2m20+m21+m22−M20+M21+M22
)
C0
(
m21, m
2
0, m
2
2,M
2
0 ,M
2
1 ,M
2
2
)
. (79)
The vertex corrections coming from loops with two vector bosons and one sfermion are
given by
δG
f˜(v,V V S)
ijk = δG
f˜(v,ZZf˜)
ijk + δG
f˜(v,WWf˜ ′)
ijk (80)
with
δG
f˜(v,ZZf˜)
ijk = −
1
(4pi)2
g3ZmZ
2
R2k(α−β)
2∑
m=1
[
4B0
(
m2h0
k
, m2Z , m
2
Z
)
−B0
(
m2
f˜i
, m2
f˜m
, m2Z
)
− B0
(
m2
f˜j
, m2
f˜m
, m2Z
)
−
(
m2h0
k
−2m2
f˜i
−2m2
f˜j
−4m2
f˜m
+2m2Z
)
×
C0
(
m2
f˜i
, m2h0
k
, m2
f˜j
, m2
f˜m
, m2Z , m
2
Z
)]
z
f˜
im z
f˜
mj (81)
and
δG
f˜(v,WWf˜ ′)
ijk = −
1
(4pi)2
g3mW
4
R2k(α−β)
2∑
m=1
[
4B0
(
m2h0
k
, m2W , m
2
W
)
−B0
(
m2
f˜i
, m2
f˜ ′m
, m2W
)
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− B0
(
m2
f˜j
, m2
f˜ ′m
, m2W
)
−
(
m2h0
k
−2m2
f˜i
−2m2
f˜j
−4m2
f˜ ′m
+2m2W
)
×
C0
(
m2
f˜i
, m2h0
k
, m2
f˜j
, m2
f˜ ′m
, m2W , m
2
W
)]
R
f˜
i1R
f˜
j1
(
R
f˜ ′
m1
)2
. (82)
We split the irreducible vertex graphs with two scalar particles into the contributions
from two Higgs bosons, two sfermions and the corrections stemming from Higgs-sfermion
loops. For better reading we introduce the abbreviations
R
f˜D
ijkl ≡ Rf˜i1Rf˜j1Rf˜k2Rf˜l2 , Rf˜ f˜
′
D
ijkl ≡ Rf˜i1Rf˜j1Rf˜
′
k2R
f˜ ′
l2 ,
R
f˜L
ijkl ≡ Rf˜i1Rf˜j1Rf˜k1Rf˜l1 , Rf˜ f˜
′
L
ijkl ≡ Rf˜i1Rf˜j1Rf˜
′
k1R
f˜ ′
l1 ,
R
f˜R
ijkl ≡ Rf˜i2Rf˜j2Rf˜k2Rf˜l2 , Rf˜ f˜
′
R
ijkl ≡ Rf˜i2Rf˜j2Rf˜
′
k2R
f˜ ′
l2 ,
R
f˜
ˆ˜
fF
ijkl ≡ Rf˜i1Rf˜j2R
ˆ˜
f
k1R
ˆ˜
f
l2 , R
ˆ˜
ff˜F
ijkl ≡ R
ˆ˜
f
i1R
ˆ˜
f
j2R
f˜
k1R
f˜
l2 .
(83)
All other combinations occurring are obvious.
δG
f˜(v,SS)
ijk = δG
f˜(v,HH)
ijk + δG
f˜(v,f˜ f˜)
ijk + δG
f˜(v,f˜ ′f˜ ′)
ijk + δG
f˜(v,
ˆ˜
f
ˆ˜
f)
ijk + δG
f˜(v,
ˆ˜
f
′ ˆ˜
f
′
)
ijk
+δG
f˜(v,F˜ F˜ )
ijk + δG
f˜(v,F˜ ′F˜ ′)
ijk + δG
f˜(v, ˆ˜F ˆ˜F )
ijk + δG
f˜(v, ˆ˜F
′ ˆ˜F
′
)
ijk + δG
f˜(v,Hf˜)
ijk (84)
with
δG
f˜(v,HH)
ijk = −
1
(4pi)2
gZ mZ
8
2∑
m,n=1
(2+δkmδmn)!
(
cos 2α A˜(k)mn − 2 sin 2α B˜(k)mn
)
×
(
h2fc
f˜
mnδij + g
2(cb˜mn − ct˜mn)ef˜ij
)
B0
(
m2h0
k
, m2h0m , m
2
h0n
)
+
1
(4pi)2
gZ mZ
4
4∑
m,n=3
sin[α + β − pi
2
(k − 1)] C˜m−2,n−2 ×(
h2fc
f˜
mnδij + g
2(cb˜mn − ct˜mn)ef˜ij
)
B0
(
m2h0
k
, m2H0m , m
2
H0n
)
− 1
(4pi)2
2∑
m,n=1
(
h2f ′d
f˜ ′
mnR
f˜
i1R
f˜
j1 + h
2
fd
f˜
mnR
f˜
i2R
f˜
j2 + g
2(db˜mn − dt˜mn)f f˜ij
)
×
[
(−1)mn g mW
2
(1−δm2δn2)(1+δmn)A˜′(k)mn
− gZmZ
2
sin[α + β − pi
2
(k − 1)] C˜mn
]
B0
(
m2h0
k
, m2
H+m
, m2
H+n
)
,
(85)
δG
f˜(v,f˜ f˜)
ijk = −
h2f
(4pi)2
2∑
m,n=1
G
f˜
nmk
[
R
f˜
ijmn+R
f˜
mnij+N
f
C
(
R
f˜
inmj+R
f˜
mjin
)]
B0
(
m2h0
k
, m2
f˜m
, m2
f˜n
)
− g
2
Z
(4pi)2
2∑
m,n=1
G
f˜
nmk
{[(1
4
− (2I3Lf −ef )efs2W
)
R
f˜L
ijmn + e
2
fs
2
WR
f˜R
ijmn
]
(NfC + 1)
+(I3Lf −ef )efs2W
[
N
f
C
(
R
f˜
ijmn+R
f˜
mnij
)
+Rf˜inmj+R
f˜
mjin
]}
×B0
(
m2h0
k
, m2
f˜m
, m2
f˜n
)
, (86)
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δG
f˜(v,f˜ ′ f˜ ′)
ijk = −
1
(4pi)2
2∑
m,n=1
G
f˜ ′
nmk
{
h2f R
f˜ ′f˜D
mnij + h
2
f ′ R
f˜ f˜ ′
D
ijmn +
g2
4
[
N
f
C
((
t2WY
f
L Y
f ′
L −1
)
R
f˜ f˜ ′
L
ijmn
+t2WY
f
RY
f ′
R R
f˜ f˜ ′
R
ijmn − t2WY fL Y f
′
R R
f˜ f˜ ′
D
ijmn − t2WY f
′
L Y
f
RR
f˜ ′f˜D
mnij
)
+2R
f˜ f˜ ′
L
ijmn
]}
B0
(
m2h0
k
, m2
f˜ ′m
, m2
f˜ ′n
)
, (87)
δG
f˜(v,
ˆ˜
f
ˆ˜
f)
ijk = −
N
fˆ
C
(4pi)2
2∑
m,n=1
G
ˆ˜
f
nmk
{
hfhfˆ
(
R
f˜ ˆ˜fF
jimn +R
f˜ ˆ˜fF
ijnm
)
+
g2
4
[(
t2WY
f
L Y
fˆ
L +1
)
R
f˜ ˆ˜fL
ijmn
+t2WY
f
RY
fˆ
R R
f˜ ˆ˜fR
ijmn − t2WY fL Y fˆRRf˜
ˆ˜fD
ijmn − t2WY fˆL Y fRR
ˆ˜f f˜D
mnij
]}
×B0
(
m2h0
k
, m2ˆ˜fm
, m2ˆ˜fn
)
, (88)
and
δG
f˜(v,
ˆ˜
f
′ ˆ˜
f
′
)
ijk = −
N
fˆ
C
(4pi)2
g2
4
2∑
m,n=1
G
ˆ˜f
′
nmk
{(
t2WY
f
L Y
fˆ ′
L −1
)
R
f˜ ˆ˜f
′
L
ijmn + t
2
WY
f
RY
fˆ ′
R R
f˜ ˆ˜f
′
R
ijmn
−t2WY fL Y fˆ
′
R R
f˜
ˆ˜
f
′
D
ijmn − t2WY fˆ
′
L Y
f
RR
ˆ˜f
′
f˜D
mnij
}
B0
(
m2h0
k
, m2ˆ˜f
′
m
, m2ˆ˜f
′
n
)
.
(89)
The contributions due to the exchange of sfermions from the other two generations, F˜m,
are given by
δG
f˜(v,F˜ F˜ )
ijk = δG
f˜(v,
ˆ˜
f
ˆ˜
f)
ijk (fˆ → F ) , δGf˜(v,
ˆ˜F ˆ˜F )
ijk = δG
f˜(v,
ˆ˜
f
ˆ˜
f)
ijk (fˆ → Fˆ ) ,
δG
f˜(v,F˜ ′F˜ ′)
ijk = δG
f˜(v,
ˆ˜
f
′ ˆ˜
f
′
)
ijk (fˆ
′ → F ′) , δGf˜(v, ˆ˜F
′ ˆ˜F
′
)
ijk = δG
f˜(v,
ˆ˜
f
′ ˆ˜
f
′
)
ijk (fˆ
′ → Fˆ ′) ,
(90)
where F˜ denotes values belonging to the scalar fermions with the same isospin as f˜ , but
from the other two generations (e.g. F˜1 = {u˜1, c˜1} for the stop case, . . . ), and F˜ ′ sfermions
with different isospin etc.
With the abbreviations
c
t˜,0+
kl =

cosα cos β cosα sin β 0 0
sinα cos β sinα sin β 0 0
−i cos2 β − i
2
sin 2β 0 0
− i
2
sin 2β −i sin2 β 0 0
 ,
c
b˜,0+
kl =

0 0 − sinα sin β sinα cos β
0 0 cosα sin β − cosα cos β
0 0 −i sin2 β i
2
sin 2β
0 0 i
2
sin 2β −i cos2 β
 ,
26
c
t˜b˜,0+
kl =

− sinα cos β − sinα sin β 0 0
cosα cos β cosα sin β 0 0
− i
2
sin 2β −i sin2 β 0 0
i cos2 β i
2
sin 2β 0 0
 ,
c
b˜t˜,0+
kl =

0 0 cosα sin β − cosα cos β
0 0 sinα sin β − sinα cos β
0 0 − i
2
sin 2β i cos2 β
0 0 −i sin2 β i
2
sin 2β

the diagrams with one Higgs boson and one sfermion in the loop lead to
δG
f˜(v,Hf˜)
ijk = −
1
(4pi)2
2∑
l,m=1
G
f˜
iml
(
h2f c
f˜
kl δmj + g
2
(
cb˜kl − ct˜kl
)
e
f˜
mj
)
B0
(
m2
f˜i
, m2h0
l
, m2
f˜m
)
+
1
(4pi)2
1√
2
2∑
l,m=1
G
f˜ f˜ ′
iml
((
h2↑ c
t˜,0+
kl + h
2
↓ c
b˜,0+
k,l+2
)
R
f˜
j1R
f˜ ′
m1 + h↑h↓
(
c
t˜b˜,0+
kl + c
b˜t˜,0+
k,l+2
)
×Rf˜j2Rf˜
′
m2 −
g2
2
(
c
t˜,0+
kl + c
b˜,0+
k,l+2
)
R
f˜
j1R
f˜ ′
m1
)
B0
(
m2
f˜i
, m2
H+
l
, m2
f˜ ′m
)
+ i↔ j . (91)
with h↑ = {hf↑ , 0} and h↓ = {hf↓ , hfˆ↓} for the decay into {squarks, sleptons}, respectively.
i↔ j stands for both terms before with i and j interchanged.
Finally, for the vertex graphs with two vector bosons we obtain
δG
f˜(v,V V )
ijk =
4
(4pi)2
g3ZmZ R2k(α−β)
[(
C
f
L
)2
R
f˜
i1R
f˜
j1 +
(
C
f
R
)2
R
f˜
i2R
f˜
j2
]
B0
(
m2h0
k
, m2Z , m
2
Z
)
+
2
(4pi)2
g3mW R2k(α−β)Rf˜i1Rf˜j1B0
(
m2h0
k
, m2W , m
2
W
)
. (92)
B.2 H+f˜
↑
i
¯˜
f
↓
j vertex
In this chapter we list the various contributions to the vertex corrections of the charged
Higgs boson decays H+ → f˜ ↑i ¯˜f ↓j . For simplicity the formulae are given for third generation
sfermions as the substitution for the first and second generation sfermions are obvious.
Using the definitions for various generic vertex functions and products of couplings from
the previous chapters we get for the vertex corrections,
δG
t˜b˜(v)
ij1 = δG
t˜b˜(v,Hf˜ f˜ ′)
ij1 + δG
t˜b˜(v,HHf˜)
ij1 + δG
t˜b˜(v,χ˜ff)
ij1 + δG
t˜b˜(v,fχ˜χ˜)
ijk + δG
t˜b˜(v,γSS)
ij1
+ δG
t˜b˜(v,ZSS)
ij1 + δG
t˜b˜(v,WSS)
ij1 + δG
t˜b˜(v,HH)
ij1 + δG
t˜b˜(v,f˜ f˜ ′)
ij1 + δG
t˜b˜(v,F˜ F˜ ′)
ij1
+ δG
t˜b˜(v,Hf˜)
ij1 (93)
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The single contributions are given as follows:
δG
t˜b˜(v,Hf˜ f˜ ′)
ij1 = −
1
(4pi)2
2∑
m,n=1
4∑
k=1
Gt˜b˜mn1G
t˜
imkG
b˜
njk C0
(
m2t˜i , m
2
H+ , m
2
b˜j
, m2H0
k
, m2t˜m , m
2
b˜n
)
(94)
δG
t˜b˜(v,HHf˜)
ij1 = −
1
(4pi)2
1
2
2∑
k,l,m=1
[
(−1)lgmW (1 + δ1l)A˜′(1)lk + gZ mZR2k(α+β)C˜1l
]
×
Gt˜imkG
t˜b˜
mjlC0
(
m2t˜i , m
2
H+ , m
2
b˜j
, m2t˜m , m
2
h0
k
, m2
H+
l
)
+
1
(4pi)2
igmW
2
2∑
m=1
Gt˜im3G
t˜b˜
mj2C0
(
m2t˜i , m
2
H+ , m
2
b˜j
, m2t˜m , m
2
A0 , m
2
W
)
− 1
(4pi)2
1
2
2∑
k,l,m=1
[
(−1)lgmW (1 + δ1l)A˜′(1)lk + gZ mZR2k(α+β)C˜1l
]
×
Gb˜mjkG
t˜b˜
imlC0
(
m2t˜i , m
2
H+ , m
2
b˜j
, m2
b˜m
, m2
H+
l
, m2h0
k
)
+
1
(4pi)2
igmW
2
2∑
m=1
Gb˜mj3G
t˜b˜
im2C0
(
m2t˜i , m
2
H+ , m
2
b˜j
, m2
b˜m
, m2W , m
2
A0
)
(95)
δG
t˜b˜(v,χ˜ff)
ij1 =
1
(4pi)2
4∑
k=1
F
(
m2t˜i , m
2
H+ , m
2
b˜j
, mχ˜0
k
, mt, mb; y
b
1, y
t
1, b
t˜
ik, a
t˜
ik, a
b˜
jk, b
b˜
jk
)
(96)
δG
f˜(v,fχ˜χ˜)
ijk =
− 1
(4pi)2
4∑
k=1
2∑
l=1
F
(
m2t˜i , m
2
H+ , m
2
b˜j
, mt, mχ˜0
k
, mχ˜+
l
;−gFRlk1,−gFLlk1, bt˜ik, at˜ik, lb˜jl, kb˜jl
)
− 1
(4pi)2
4∑
k=1
2∑
l=1
F
(
m2t˜i , m
2
H+ , m
2
b˜j
, mb, mχ˜+
l
, mχ˜0
k
;−gFRlk1,−gFLlk1, kt˜il, lt˜il, ab˜jk, bb˜jk
)
(97)
δG
t˜b˜(v,γSS)
ij1 =
1
(4pi)2
e20etebG
t˜b˜
ij1 V
(
m2t˜i , m
2
H+ , m
2
b˜j
, λ2, m2t˜i , m
2
b˜j
)
+
1
(4pi)2
e20etG
t˜b˜
ij1 V
(
m2H+ , m
2
b˜j
, m2t˜i , λ
2, m2H+ , m
2
t˜i
)
− 1
(4pi)2
e20ebG
t˜b˜
ij1 V
(
m2
b˜j
, m2t˜i , m
2
H+ , λ
2, m2
b˜j
, m2H+
)
(98)
δG
t˜b˜(v,ZSS)
ij1 =
1
(4pi)2
g2Z
2∑
m,n=1
Gt˜b˜mn1 z
t˜
im z
b˜
nj V
(
m2t˜i , m
2
H+ , m
2
b˜j
, m2Z , m
2
t˜m
, m2
b˜n
)
+
1
(4pi)2
g2Z
(1
2
− s2W
) 2∑
m=1
Gt˜b˜mj1 z
t˜
im V
(
m2H+ , m
2
b˜j
, m2t˜i , m
2
Z , m
2
H+ , m
2
t˜m
)
− 1
(4pi)2
g2Z
(1
2
− s2W
) 2∑
m=1
Gt˜b˜im1 z
b˜
mj V
(
m2
b˜j
, m2t˜i , m
2
H+ , m
2
Z , m
2
b˜m
, m2H+
)
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(99)
δG
t˜b˜(v,WSS)
ij1 =
1
(4pi)2
g2
2
√
2
2∑
m=1
3∑
k=1
Gb˜mjk R
t˜
i1R
b˜
m1wk V
(
m2H+ , m
2
b˜j
, m2t˜i , m
2
W , m
2
H0
k
, m2
b˜m
)
− 1
(4pi)2
g2
2
√
2
2∑
m=1
3∑
k=1
Gt˜imk R
t˜
m1R
b˜
j1wk V
(
m2
b˜j
, m2t˜i , m
2
H+ , m
2
W , m
2
t˜m
, m2H0
k
)
,
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with wk = {cos(α− β), sin(α− β),−i}k.
δG
t˜b˜(v,HH)
ij1 = −
1
(4pi)2
1
2
√
2
2∑
k,l=1
[
(−1)lg mW (1 + δ1l)A˜′(1)lk + gZ mZR2k(α+β)C˜1l
]
×
[(
(h2t −
g2
2
)ct˜,0+kl + (h
2
b −
g2
2
)(cb˜,0+k,l+2)
∗
)
Rt˜i1R
b˜
j1
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(
c
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∗
)
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]
B0
(
m2H+ , m
2
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k
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l
)
− 1
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√
2
[1
2
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2
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]
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(
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2
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2
W
)
(101)
δG
t˜b˜(v,f˜ f˜ ′)
ij1 = −
1
(4pi)2
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m,n=1
Gt˜b˜nm1
{
N
f
C
(
h2t R
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2
b R
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)
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δG
t˜b˜(v,F˜ F˜ ′)
ij1 = −
N
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δG
t˜b˜(v,Hf˜)
ij1 = −
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Figure 15: Vertex diagrams relevant to the calculation of the virtual electroweak correc-
tions to the decay width h0k → f˜i ¯˜fj with h0k = {h0, H0}.
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Figure 16: Vertex diagrams relevant to the calculation of the virtual electroweak correc-
tions to the decay width H+ → f˜ ↑i ¯˜f ↓j . In the fourth row, f˜ ↑n and f˜ ↓m denote up- and
down-type sfermions of all three generations, respectively.
32
References
[1] H. Baer, D. Dicus, M. Drees, and X. Tata, Phys. Rev. D 36 (1987) 1363;
J. F. Gunion and H. E. Haber, Nucl. Phys. B 307 (1988) 445;
J. F. Gunion and H. E. Haber, Nucl. Phys. B 402 (1993) 569(E);
K. Griest and H. E. Haber, Phys. Rev. D 37 (1988) 719.
[2] A. Djouadi, J. Kalinowski, and P. M. Zerwas, Z. Phys. C 57 (1993) 569;
A. Djouadi, P. Janot, J. Kalinowski, and P. M. Zerwas, Phys. Lett. B 376 (1996)
220;
A. Djouadi, J. Kalinowski, P. Ohmann, and P. M. Zerwas, Z. Phys. C 74 (1997) 93;
A. Djouadi, Mod. Phys. Lett. A 14 (1999) 359;
G. Be´langer, F. Boudjema, F. Donato, R. Godbole, and S. Rosier-Lees, Nucl. Phys.
B 581 (2000) 3.
[3] H. Eberl, M. Kincel, W. Majerotto and Y. Yamada, Nucl. Phys. B 625 (2002) 372.
[4] R. Y. Zhang et al., Phys. Rev. D 65 (2002) 075018.
[5] C. Weber, H. Eberl, and W. Majerotto, Phys. Lett. B 572 (2003) 56 [arXiv:hep-
ph/0305250].
[6] C. Weber, H. Eberl and W. Majerotto, Phys. Rev. D 68 (2003) 093011 [arXiv:hep-
ph/0308146].
[7] A. Bartl, H. Eberl, K. Hidaka, T. Kon, W. Majerotto and Y. Yamada, Phys. Lett.
B 402 (1997) 303.
[8] M. Bo¨hm, W. Hollik and H. Spiesberger, Fortschr. Phys. 34 (1986) 687;
H. Eberl, M. Kincel, W. Majerotto and Y. Yamada, Phys. Rev. D 64 (2001) 115013
[arXiv:hep-ph/0104109];
J. Guasch, W. Hollik and J. Sola, JHEP 0210 (2002) 040 [arXiv:hep-ph/0207364].
W. O¨ller, H. Eberl and W. Majerotto, Phys. Rev. D 71 (2005) 115002 [arXiv:hep-
ph/0504109];
[9] J. A. Aguilar-Saavedra et al., Eur. Phys. J. C 46 (2006) 43 [arXiv:hep-ph/0511344].
[10] J. F. Gunion, H. E. Haber, G. L. Kane and S. Dawson, The Higgs Hunter’s Guide,
Addison-Wesley (1990).
33
[11] J. F. Gunion, H. E. Haber, Nucl. Phys B 272 (1986) 1; B 402 (1993) 567 (E).
[12] J. Guasch and J. Sola, W. Hollik, Phys. Lett. B 437 (1998) 88.
[13] H. Eberl, S. Kraml and W. Majerotto, JHEP 9905 (1999) 016.
[14] P. H. Chankowski, S. Pokorski, J. Rosiek, Phys. Lett. B 274 (1992) 191; Nucl. Phys.
B 423 (1994) 437; 497;
A. Dabelstein, Z. Phys. C 67 (1995) 495; Nucl. Phys. B 456 (1995) 25.
[15] H. Eberl, M. Kincel, W. Majerotto and Y. Yamada, Phys. Rev. D 64 (2001) 115013
[arXiv:hep-ph/0104109]
[16] W. O¨ller, H. Eberl, W. Majerotto and C. Weber, Eur. Phys. J. C 29 (2003) 563,
[arXiv:hep-ph/0304006]
[17] A. Sirlin, Phys. Rev. D 22 (1980) 971;
W.J. Marciano and A. Sirlin, Phys. Rev. D 22 (1980) 2695;
A. Sirlin and W.J. Marciano, Nucl. Phys. B 189 (1981) 442.
[18] A. Denner, Fortschr. Phys. 41 (1993) 307.
[19] W. Porod, Comput. Phys. Commun. 153 (2003) 275 [arXiv:hep-ph/0301101].
[20] G. ’t Hooft and M. Veltman, Nucl. Phys. B 153 (1979) 365;
G. Passarino and M. Veltman, Nucl. Phys. B 160 (1979) 151.
[21] W. O¨ller, H. Eberl, and W. Majerotto, Phys. Lett. B 590 (2004) 273 [arXiv:hep-
ph/0402134].
34
